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Description

Technical Field

[0001] The present invention relates to a nonaqueous electrolyte secondary battery including a flat wound electrode
assembly.

Background Art

[0002] As a nonaqueous electrolyte secondary battery, such as a lithium-ion secondary battery, a prismatic secondary
battery including a flat wound electrode assembly housed in a prismatic battery case is known.
[0003] A flat electrode assembly is formed by winding, into a circular shape, a positive plate having a positive electrode
mixture layer formed on a surface of a positive electrode current collector, a negative plate having a negative electrode
mixture layer formed on a surface of a negative electrode current collector, and a separator disposed therebetween and,
thereafter, pressing the wound electrode assembly into a flat shape.
[0004] Such a flat electrode assembly has a pair of curved portions at either end. In the flat electrode assembly, the
curvature of a curved portion of the positive plate or the negative plate is greatest at the innermost circumference side. For
this reason, the separator is stretched thin at the innermost circumference side of the curved portion and, thus, the
breakdown voltage of the separator is locally reduced. As a result, when a high voltage is applied to the positive plate and
the negative plate, insulation breakdown may occur in the separator that was stretched thin.
[0005] In addition, the positive plate and the negative plate located at the innermost circumference, where the curvature
of the curved portion is greatest, are subjected to high stress. As a result, the positive electrode mixture layer or the
negative electrodemixture layermay be peeled off from the positive or negative electrode current collector andmay break
through the separator, leading to internal short circuit.
[0006] Toprevent a decrease in the local breakdownvoltage of the separator and to prevent internal short circuit caused
by peel-off of the electrode mixture layer, the thickness of the separator can be increased. However, in this case, the
increased thicknessof theseparator leads toadecrease in theenergydensity of thebattery. For this reason, this technique
is difficult to apply to batteries that are designed for high energy density.
[0007] Meanwhile, PTL 1 describes amethod for attaching an insulating tape to a curved portion of a positive electrode
current collector located at the innermost circumference side. As a result, peel-off of the positive or negative electrode
mixture layer having the greatest curvature at the innermost circumference can be suppressed and, thus, an internal short
circuit can be prevented. Then, PTL 2 discloses an electric storage system, PTL 3 discloses a prismatic battery and PTL 4
discloses a nonaqueous electrolyte secondary battery.

Citation List

Patent Literature

[0008]

PTL 1: Japanese Published Unexamined Patent Application No. 2012‑49089
PTL 2: US Patent Application Publication No. 2014/072849
PTL 3: US Patent Application Publication No. 2012/058373
PTL 4: PCT International Application Publication (WO) No. 2018/180748

Summary of Invention

Technical Problem

[0009] In themethod described in PTL 1, since an insulating tape is partially attached to a curved portion of the positive
electrode current collector locatedat the innermost circumference side, a decrease in theenergydensity of the battery can
be suppressed. However, it is difficult to attach an insulating tape along only the curved portion. For this reason, this
technique is difficult to apply tomassproduction. Inaddition, because themixture layer on the surfacehaving the insulating
tape attached thereto does not appear in the battery reaction, a non-uniform battery reaction area is generated on the
facing surface between the positive electrode mixture layer and the negative electrode mixture layer. For this reason,
localized current concentration may occur at the boundary portion of the surface having the insulating tape attached
thereto. As a result, deposition of metallic lithium may occur on the current concentrated area, leading to internal short
circuit.
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[0010] The present invention has been made in view of the above circumstances, and a primary object of the present
invention is to suppress a decrease in the energy density of a nonaqueous electrolyte secondary battery including a flat
wound electrode assembly and suppress the occurrence of an internal short circuit between the positive and negative
plates located at the innermost circumference where the curvature of a curved portion is greatest.

Solution to Problem

[0011] According to the present invention, a nonaqueous electrolyte secondary battery includes an electrode assembly
formed by winding, into a flat shape, a first electrode plate having a first electrodemixture layer formed on a first electrode
current collector, a second electrode plate having a second electrodemixture layer formed on a second electrode current
collector, and a separator therebetween. The electrode assembly has a pair of curved portions located at either end and a
flat portion between the pair of curved portions. In both of the pair of curved portions, at least two layers of the second
electrode plate are disposed on an inner side of a curved portion of the first electrode plate located at an innermost
circumference.

Advantageous Effects of Invention

[0012] The present invention is capable of suppressing a decrease in the energy density of a nonaqueous electrolyte
secondary battery including a flat wound electrode assembly and suppressing the occurrence of an internal short circuit
between thepositiveandnegativeplates locatedat the innermost circumferencewhere thecurvatureof a curvedportion is
greatest.

Brief Description of Drawings

[0013]

[Figure 1] Figure 1 is a schematic illustration of the configuration of a nonaqueous electrolyte secondary battery
according to an embodiment of the present invention, where Figure 1(a) is a sectional view and Figure 1(b) is a
sectional view taken along a line Ib-Ib of Figure 1(a).
[Figure2]Figure2 isa sectional viewschematically illustrating theconfigurationofanelectrodeassemblyaccording to
an embodiment (Embodiment 1) of the present invention.
[Figure3]Figure3 isa sectional viewschematically illustrating theconfigurationofanelectrodeassemblyaccording to
Embodiment 2.
[Figure4]Figure4 isa sectional viewschematically illustrating theconfigurationofanelectrodeassemblyaccording to
a comparative example.

Description of Embodiments

[0014] Embodiments of the present invention are described in detail below with reference to the accompanying
drawings. Note that the present invention is not limited to the following embodiments. In addition, modification can be
made as appropriate without departing from the scope of the effect of the present invention.
[0015] Figures 1(a) and 1(b) are schematic illustrations of the configuration of a nonaqueous electrolyte secondary
battery according to an embodiment of the present invention, where Figure 1(a) is a sectional view, and Figure 1(b) is a
sectional view taken along a line Ib-Ib of Figure 1(a).
[0016] As illustrated in Figures 1(a) and 1(b), a nonaqueous electrolyte secondary battery 10 according to the present
embodiment includes a flat electrode assembly 14 that is formed by winding, into a flat shape, a positive plate, a negative
plate, and a separator therebetween and that is housed in a prismatic battery case 25. The positive plate has a positive
electrode mixture layer formed on a positive electrode current collector, and the negative plate has a negative electrode
mixture layer formed on the negative electrode current collector. In addition, the electrode assembly 14 is wrapped by an
insulating sheet 24 and is housed in the battery case 25. Furthermore, the opening of the battery case 25 is sealed with a
sealing plate 23, and a positive electrode terminal 18 and a negative electrode terminal 22 are fixed to the sealing plate 23
via insulating members 26 and 27, respectively.
[0017] A positive electrode current collector exposed portion 15 is formed at one end of the positive plate so that the
positive electrode current collector is exposed, and a negative electrode current collector exposed portion 16 is formed at
theother endof thenegative plate so that thenegativeelectrode current collector is exposed.Aplurality of stackedpositive
electrode current collector exposed portions 15 are disposed at one end of the electrode assembly 14, and a plurality of
stacked negative electrode current collector exposed portions 16 are disposed at the other end of the electrode assembly
14.
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[0018] The plurality of stacked positive electrode current collector exposed portions 15 are electrically connected to the
positive electrode terminal 18 via a positive electrode current collector plate 17, and the plurality of negative electrode
current collector exposed portions 16 are electrically connected to the negative electrode terminal 22 via a negative
electrode current collector plate 19.
[0019] Figure 2 is a sectional view schematically illustrating the configuration of the electrode assembly 14 according to
thepresent embodiment.Herein, the flat electrodeassembly 14 is formedbywinding, into a circular shape, apositive plate
11 having a positive electrode mixture layer on the surface of the positive electrode current collector, a negative plate 12
having a negative electrode mixture layer on the surface of the negative electrode current collector, and a separator 13
disposed therebetween and, thereafter, pressing the wound electrode assembly into a flat shape. Note that the positive
plate 11, the negative plate 12, and the separator 13 disposed therebetween may be wound into a flat shape and,
thereafter, be subjected to pressing.
[0020] The flat electrode assembly 14 has a pair of curved portions at either end in a direction perpendicular to the
direction inwhich thewinding axis of the flat electrode assembly 14extendsandperpendicular to the thicknessdirection of
the flat electrode assembly 14. Figure 2 is an enlarged view of the electrode assembly 14 at the innermost circumference
side of the curved portion where the curvature is greatest.
[0021] As illustrated in Figure 2, the electrode assembly 14 has a pair of curved portions 20A and 20B located at either
end and a flat portion 21 located between the pair of curved portions 20A and 20B. In the pair of curved portions 20A and
20B, two layers of the negative plate 12 serving as a second electrode plate are disposed on the inner side of a curved
portion of the positive plate 11 serving as a first electrode plate which is located at the innermost circumference. As
illustrated in Figure 2, in eachof the pair of curvedportions 20Aand20B, a negative plate 12B is disposedon the inner side
of the curved portion of the positive plate 11 located at the innermost circumference with the separator 13 therebetween,
and a negative plate 12A that does not face the positive plate 11 is further disposed on the inner side of the negative plate
12B.
[0022] According to the present embodiment, by placing at least two layers of the negative plate 12 on the inner side of
the curved portion of the positive plate 11 where the curvature is greatest, the curvature of the positive plate 11, where the
curvature is greatest, can be reduced. This enables the separator 13 to maintain a thickness sufficient to suppress
insulation breakdown even if the separator 13 is stretched in the curved portions 20A and 20B at the innermost
circumference side and, even if a high voltage is applied to the positive plate 11 and the negative plate 12.
[0023] In addition, the stress imposed on the positive plate 11 and the negative plate 12 can be suppressed at the
innermost circumference side of each of the curved portions 20Aand 20B,where the curvature is greatest. In thismanner,
peeling offof the positive electrodemixture layer or thenegative electrodemixture layer from thepositive electrode current
collector or the negative electrode current collector can be suppressed. As a result, the occurrence of an internal short
circuit caused by a peeled off mixture layer can be suppressed.
[0024] Note that in the electrode assembly 14 illustrated in Figure 2, the negative plate 12A disposed at the innermost
circumference side does not face the positive plate 11 and, thus, does not contribute to the battery reaction. However, the
volume occupied by the extra wound negative plate 12A is significantly small, as compared with the volume occupied by
the entire electrode assembly 14. For this reason, it does little to reduce the energy density of the battery. In particular, in
batteries having a large number of winding/turns of the positive plate 11 and the negative plate 12, the reduction in the
energy density of the battery is negligible. Note that from the perspective of the energy density of the battery, it is desirable
tominimize thenumberofwinding/turnsof thenegativeplate12which is locatedat the innermost circumferencesideof the
electrode assembly 14.
[0025] In addition, the curvature of the curved portions 20Aand20Bat the innermost circumference side is controlled by
the total thickness of the negative plate 12 disposed inside the curved portions 20A and 20B but not the total thickness of
the negative plate 12 disposed inside the flat portion 21. Therefore, from the perspective of the energy density of the
battery, it is desirable that as illustrated in Figure 2, awinding start end 12a of the negative plate 12 be located near the end
of the flat portion 21 (for example,within 10mm from theendof the flat portion 21andmorepreferablywithin 5mm from the
end of the flat portion 21). This location can more effectively suppress reduction in energy density of the battery.
[0026] Furthermore, as illustrated inFigure2, it is desirable that awindingstart end11aof thepositiveplate11be located
near theendof theflatportion21 (forexample,within10mmfrom theendof theflatportion21and,morepreferably,within5
mm from the end of the flat portion 21). This location increases the facing area between the positive plate 11 and the
negative plate 12 and, thus, further increases the energy density of the battery.
[0027] Instead of winding an extra negative plate 12 on the inner side of each of the curved portions 20A and 20B at the
inner most circumference side, where the curvature is greatest, the curvature of the curved portions 20A and 20B can be
reduced by winding an extra separator 13.
[0028] However, because the thickness of the separator 13 is less than the thickness of the positive plate 11 or the
negative plate 12 (typically less than1/10of the thicknessof the positive plate 11or the negative plate 12), the separator 13
needs tobewound tensof times to reduce thecurvatureof eachof thecurvedportions20Aand20B. Inaddition, in general,
the electrolyte content per unit area is higher in the separator 13 than in thepositive plate 11and thenegative plate 12.As a
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result, the separator 13, which is extra wound on the inner side of the curved portions 20A and 20B at the innermost
circumference side, is permeated with a large amount of electrolyte that does not contribute to the battery reaction. As a
result, the electrolyte between the facing surfaces of the positive plate 11 and the negative plate 12 tends to be relatively
insufficient when charging and discharging are repeated many times, which may lead to rapid deterioration of battery
performance. For these reasons, it is not desirable to extra wind the separator 13 instead of extra winding the negative
plate 12 on the inner side of each of the curved portions 20A and 20B at the inner most circumference side, where the
curvature is greatest.
[0029] While the present embodiment has been described with reference to the configuration in which, as illustrated in
Figure 2, in both of the pair of curved portions 20A and 20B, two layers of the negative plate 12 are disposed on the inner
side of the curvedportion of the positive plate 11 located at innermost circumference. However, as illustrated in Figure 3, in
one of the pair of curved portions 20Aand 20B (the curved portion 20B in Figure 3), two layers of the negative plate 12may
be disposed on the inner side of the curved portion of the positive plate 11 located at the innermost circumference. Even in
this case, the curvature of one of the curved portions can be reduced and, thus, the same effect as the configuration of the
electrode assembly illustrated in Figure 2 can be achieved.

(Embodiments)

[0030] Embodiments of the present invention are described in detail below. Note that the present invention is not limited
to the embodiments described below.

(Embodiment 1)

(1) Fabrication of Positive Plate and Negative Plate

[0031] Thepositiveplatewas fabricatedby formingapositiveelectrodemixture layer onbothsidesofanaluminum foil (a
positive electrode current collector) with a thickness of 15µm.The thickness of the positive electrodemixture layer on one
side was set to 76 µmafter compression treatment. The length of the positive plate in the short direction was set to 131.8
mm. Thewidth (the length in the short direction) of the positive electrode current collector exposed portion was set to 15.2
mm. The length of the positive plate in the long direction was set to 4950 mm.
[0032] As a positive electrode active material mixture layer, a mixture of LiNi0.35Co0.35Mn0.30O2 serving as a positive
electrode active material, carbon black serving as a conductive material, and polyvinylidene fluoride (PVdF) serving as a
binder, in a mass ratio of 96:3:1, was formed on an aluminum foil.
[0033] The negative platewas fabricated by forming a negative electrode activematerial layer on both sides of a copper
foil (a negative electrode current collector) with a thickness of 10 µm. The thickness of the negative electrode active
material mixture layer on one side was set to 67 µm after compression treatment. The length of the negative plate in the
short directionwas set to 133.8mm. Thewidth (the length in the short direction) of the negative electrode current collector
exposed portion was set to 10.0 mm. The length of the negative plate in the long direction was set to 5150 mm.
[0034] As a negative electrode active material mixture, a mixture of graphite serving as a negative electrode active
material, carboxymethylcellulose (CMC), and styrenebutadiene rubber (SBR) serving as a binder, in a mass ratio of
98:1:1, was formed on a copper foil.

(2) Separator

[0035] As the separator, a polyethylene/polypropylene/polyethylene multilayer separator was used. The thickness of
the separator was set to 14 µm, and the width was set to 127 mm.

(3) Nonaqueous Electrolyte

[0036] A mixed solvent containing ethylene carbonate (EC), ethyl methyl carbonate (EMC), and dimethyl carbonate
(DMC), in a volume ratio of 25:35:40 (25°C, 1 atm), was produced. LiPF6 was added to the mixed solvent so as to be 1
mol/L, and 0.8% by mass of vinylene carbonate (VC) with respect to the total mass of the nonaqueous electrolyte was
added to the mixed solvent. In this manner, the nonaqueous electrolyte was produced.

(4) Fabrication of Electrode Assembly

[0037] The number of layers of the positive plate 11 was set to 65. The positive plate 11 and the negative plate 12 are
shifted from each other such that the positive electrode current collector exposed portion 15 and the negative electrode
current collector exposed portion 16 do not overlap the mixture layers of the opposite electrodes and the plates were
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wound into a circular shape with two separators 13 therebetween. Thereafter, the flat electrode assembly 14 illustrated in
Figure 2was produced by pressing. That is, in each of the pair of curved portions 20Aand 20B, the configurationwas such
that two layers of the negative plate 12 were disposed on the inner side of the curved portion of the positive plate 11 at
innermost circumference. Herein, the length of the electrode assembly 14 in the wound axis direction was set to 144mm.
Thewinding start end12aof the negative plate 12Awasdetermined to be locatedat a position 2mm from theendof the flat
portion 21. In addition, the winding start end 11a of the positive plate 11 was determined to be located at a position 2 mm
from the end of the flat portion 21.

(Embodiment 2)

[0038] In terms of the configuration of an electrode assembly, an electrode assembly 14 was produced in the same
manner as in Embodiment 1, except that the electrode assembly was produced as a flat electrode assembly 14 illustrated
inFigure3.That is, theconfigurationwassuch that in thecurvedportion20Bof thepair of curvedportions20Aand20B, two
layers of the negative plate 12 were disposed on the inner side of the curved portion of the positive plate 11 at innermost
circumference.Herein, thewinding start end12aof thenegativeplate12Awasdetermined tobe locatedat aposition2mm
from theendof theflat portion21. Inaddition, thewindingstart end11aof thepositiveplate11wasdetermined tobe located
at a position 2 mm from the end of the flat portion 21.

(Comparative Example 1)

[0039] In terms of the configuration of an electrode assembly, an electrode assembly 14 was produced in the same
manner as in Embodiment 1, except that the electrode assembly was produced as a flat electrode assembly 14 illustrated
in Figure 4. That is, the configurationwas such that in each of the pair of curved portions 20Aand20B, only one layer of the
negative plate 12was disposed on the inner side of the curved portion of the positive plate 11 at innermost circumference.
Herein, thewinding start end 12aof the negative plate 12Awasdetermined to be located near the endof the flat portion 21.
Inaddition, thewindingstart end11aof thepositiveplate11wasdetermined tobe locatedat aposition2mmfrom theendof
the flat portion 21.

(Comparative Example 2)

[0040] In termsof the configuration of anelectrode assembly, an electrode assemblywas produced in the samemanner
as inComparativeExample 1, except that the electrode assemblywas produced as a flat electrode assembly described in
PTL1. That is, an insulating tape having a thickness of 30µmwas attached to both sides of a curved portion of the positive
plate located at the innermost circumference side.

(Comparative Example 3)

[0041] In terms of the configuration of an electrode assembly, an electrode assembly 14 was produced in the same
manner as in Comparative Example 1, except that the thickness of a separator 13 was set to 20 µm.
[0042] The occurrence of internal short circuit was studied for the electrode bodies manufactured according to
Embodiments 1 and 2 and Comparative Examples 1 to 3 by using the following test method.

(Test Method)

[0043] An AC voltage having an effective value of 250V was applied to the positive electrode current collector exposed
portion and the negative electrode current collector exposed portion for one second, and the value of a current flowing
through the electrode assembly 14wasmeasured. If the passed current value was greater than or equal to 110mA, it was
determined that a short circuit occurred. At this time, the electrode assembly 14 was disassembled to identify a part in
which the short circuit occurred and determined whether an internal short circuit occurred between the positive plate and
the negative plate located at the innermost circumference of the curved portion of the electrode assembly 14.
[0044] Table 1 reports the results of the test. In Table 1, the short circuit occurrence ratio represents the ratio of the
number of samples in which an internal short circuit occurred between the positive plate and the negative plate located at
the innermost circumference to the number of samples (200 samples) of the fabricated electrode assembly. In addition,
Table 1 reports the energy density obtained by dividing the capacitance value obtained from the electrode assembly 14
fabricated in each of Embodiments 1 and 2 and Comparative Examples 1, 2, and 3 by the volume of the electrode
assembly. InTable1, theenergydensity of theelectrodeassembly ofComparativeExample1 is set to 100, and the relative
energy density of each of the other electrode bodies is provided.
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[Table 1]

Energy Density Short Circuit Occurrence Ratio

Embodiment 1 99.8 0%

Embodiment 2 99.8 0.4%

Comparative Example 1 100 0.8%

Comparative Example 2 98.6 -

Comparative Example 3 96.5 -

[0045] As can be seen from Table 1, in terms of the electrode assembly of Embodiment 1, the internal short circuit
occurrence ratio between the positive plate and the negative plate located at the innermost circumference is zero. In
addition, in terms of the electrode assembly of Embodiment 2, the internal short circuit occurrence ratio between the
positive plate and the negative plate located at the innermost circumference is reduced to 1/2, as compared with the
electrode assembly of Comparative Example 1. This is probably because in both electrode bodies of Embodiment 1 and
Embodiment 2, two layers of the negative plate 12 are disposed on the inner side of at least one of the pair of curved
portions of the positive plate 11 located at the innermost circumference and, thus, the curvature of the curved portion is
reduced.
[0046] Note that in thecaseofComparativeExample2andComparativeExample3, the internal short circuit occurrence
ratio between the positive plate and the negative plate located at the innermost circumference is thought to be zero.
However, the energy density is greatly reduced, as compared with the electrode assembly of Comparative Example 1.
[0047] In contrast, in the electrode bodies of Embodiment 1 andEmbodiment 2, the energy density is hardly reduced, as
compared with the electrode assembly of Comparative Example 1.
[0048] As can be seen from the above results, in a nonaqueous electrolyte secondary battery including a flat electrode
assembly having a pair of curved portions, by providing the configuration in which in at least one of the pair of curved
portions, at least two layers of a second electrode plate are disposed on the inner side of the curved portion of the first
electrode plate located at the innermost circumference, the occurrence of internal short circuit between the positive plate
and thenegativeplate locatedat the innermost circumference,where thecurvatureof thecurvedportion isgreatest, canbe
suppressed while suppressing a decrease in the energy density of the battery.
[0049] While the present invention has been described above with reference to exemplary embodiments, the above
descriptions are not limited thereto, and various modifications can bemade. For example, while the above embodiments
have been describedwith reference to the example inwhich at least two layers of the negative plate (the second electrode
plate) 12 are disposed on the inner side of the curved portion of the positive plate (the first electrode plate) 11 located at the
innermost circumference, a configuration in which at least two layers of the positive plate (the second electrode plate) 11
aredisposedon the inner sideof a curvedportionof the negative plate (the first electrodeplate) 12 locatedat the innermost
circumference may be employed.
[0050] In addition, while the above embodiments have been described with reference to the separator 13 having a
thickness of 14µmasan example, the thickness is not limited thereto. To suppress a decrease in the energy density of the
battery, the thicknessof theseparator ispreferably less thanorequal to25µm,morepreferably less thanorequal to20µm,
and even more preferably less than or equal to 15 µm.
[0051] Furthermore,while the aboveembodiments havebeendescribedwith reference to the configuration inwhich the
electrodeassembly14 isdisposed in suchadirection that itswindingaxis is parallel to thebottomof thebattery case25, the
electrode assembly 14 may be disposed in such a direction that the winding axis is perpendicular to the bottom of the
battery case 25.
[0052] In addition, widely used materials can be used for the positive and negative electrode current collectors, the
mixture layers, the separator, the nonaqueous electrolyte, and the like.
[0053] Furthermore, inFigures 2 to 4, a portion of the separator 13 that is disposedat the innermost circumferenceof the
electrode assembly 14 is not illustrated. However, a wound portion of only the separator 13 may be provided at the
innermost circumference of the electrode assembly 14. Reference Signs List
[0054]

10 nonaqueous electrolyte secondary battery
11 positive plate
11a winding start end of positive plate
12, 12A, 12B negative plate
12a winding start end of negative plate
13 separator
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14 electrode assembly
15 positive electrode current collector exposed portion
16 negative electrode current collector exposed portion
17 positive electrode current collector plate
18 positive electrode terminal
19 negative electrode current collector plate
20A, 20B pair of curved portions
21 flat portion
22 negative electrode terminal
23 sealing plate
24 insulating sheet
25 battery case
26, 27 insulating member

Claims

1. A nonaqueous electrolyte secondary battery comprising:

an electrode assembly (14) formed by winding, into a flat shape, a first electrode plate having a first electrode
mixture layer formed on a first electrode current collector, a second electrode plate having a second electrode
mixture layer formed on a second electrode current collector, and a separator (13) therebetween,
wherein the electrode assembly (14) has a pair of curved portions (20A, 20B) located at either end and a flat
portion (21) between the pair of curved portions (20A, 20B), and characterized in that
in both of the pair of curved portions (20A, 20B), at least two layers of the second electrode plate are disposed on
an inner side of a curved portion of the first electrode plate located at an innermost circumference.

2. Thenonaqueouselectrolytesecondarybatteryaccording toClaim1,wherein thefirst electrodeplate is apositiveplate
(11), and the second electrode plate is a negative plate (12).

3. The nonaqueous electrolyte secondary battery according to Claim 1 or 2, wherein in the second electrode plate, the
second electrode mixture layer is formed on both sides of the second electrode current collector in a region
corresponding to the at least two layers disposed on the inner side of the curved portion of the first electrode plate
located at the innermost circumference.

4. The nonaqueous electrolyte secondary battery according to any one of Claims 1 to 3, wherein at an innermost
circumference side of the electrode assembly (14), a winding start end of the second electrode plate is located within
10 mm from an end of the flat portion (21).

5. The nonaqueous electrolyte secondary battery according to any one of Claims 1 to 4, wherein at an innermost
circumference side of the electrode assembly (14), a winding start end of the first electrode plate is located within 10
mm from an end of the flat portion (21).

6. The nonaqueous electrolyte secondary battery according to any one of Claims 1 to 5, wherein a thickness of the
separator (13) is less than or equal to 15 µm.

Patentansprüche

1. Sekundärbatterie mit wasserfreiem Elektrolyt, umfassend:

eine Elektrolytanordnung (14), die durch Wickeln einer ersten Elektrodenplatte, die eine erste Elektrodenge-
mischschicht aufweist, die auf einemerstenElektrodenstromkolletor gebildet ist, einer zweiten Elektrodenplatte,
die eine zweite Elektrodengemischschicht aufweist, die auf einem zweitenElektrodenstromkollektor gebildet ist,
und eines Separators (13) dazwischen in eine flache Form gebildet ist,
wobei die Elektrodenanordnung (14) ein Paar gekrümmte Abschnitte (20A, 20B), die sich an beiden Enden
befinden, und einen flachen Abschnitt (21) zwischen demPaar gekrümmter Abschnitte (20A, 20B) aufweist, und
dadurch gekennzeichnet, dass
in beiden von demPaar gekrümmter Abschnitte (20A, 20B) mindestens zwei Schichten der zweiten Elektroden-
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platteauf einer InnenseiteeinesgekrümmtenAbschnitts der erstenElektrodenplatte angeordnet sind, die sichan
einem innersten Umfang befindet.

2. Sekundärbatterie mit wasserfreiem Elektrolyt nach Anspruch 1, wobei die erste Elektrodenplatte eine positive Platte
(11) ist und die zweite Elektrodenplatte eine negative Platte (12) ist.

3. Sekundärbatterie mit wasserfreiem Elektrolyt nach Anspruch 1 oder 2, wobei in der zweiten Elektrodenplatte die
zweite Elektrodengemischschicht auf beiden Seiten des zweiten Elektrodenstromkollektors in einer Region gebildet
ist, die den mindestens zwei Schichten entspricht, die an der Innenseite des gekrümmten Abschnitts der ersten
Elektrodenplatte angeordnet sind, die sich am innersten Umfang befindet.

4. Sekundärbatterie mit wasserfreiemElektrolyt nach einem der Ansprüche 1 bis 3, wobei an einer innersten Umfangs-
seite der Elektrodenanordnung (14) ein Wicklungsanfangsende der zweiten Elektrodenplatte sich innerhalb von 10
mm von einem Ende des flachen Abschnitts (21) befindet.

5. Sekundärbatterie mit wasserfreiemElektrolyt nach einem der Ansprüche 1 bis 4, wobei an einer innersten Umfangs-
seite der Elektrodenanordnung (14) ein Wicklungsanfangsende der ersten Elektrodenplatte sich innerhalb von 10
mm von einem Ende des flachen Abschnitts (21) befindet.

6. Sekundärbatterie mit wasserfreiem Elektrolyt nach einem der Ansprüche 1 bis 5, wobei eine Dicke des Separators
(13) kleiner oder gleich 15 µm ist.

Revendications

1. Batterie rechargeable à électrolyte non aqueux comprenant :

un assemblage d’électrodes (14) formé par enroulement, sous une forme plate, d’une première plaque d’élec-
trode ayant une première couche de mélange d’électrode formée sur un premier collecteur de courant d’élec-
trode, d’une deuxième plaque d’électrode ayant une deuxième couche de mélange d’électrode formée sur un
deuxième collecteur de courant d’électrode, et d’un séparateur (13) entre elles,
dans laquelle l’assemblage d’électrodes (14) a une paire de portions incurvées (20A, 20B) situées à l’une ou
l’autre extrémité et une portion plate (21) entre la paire de portions incurvées (20A, 20B), et caractérisée en ce
que
dans les deux de la paire de portions incurvées (20A, 20B), au moins deux couches de la deuxième plaque
d’électrode sont disposées sur un côté intérieur d’une portion incurvée de la première plaque d’électrode se
trouvant au niveau de la circonférence la plus intérieure.

2. Batterie rechargeable à électrolyte non aqueux selon la revendication 1, dans laquelle la première plaque d’électrode
est une plaque positive (11), et la deuxième plaque d’électrode est une plaque négative (12).

3. Batterie rechargeable à électrolyte non aqueux selon la revendication 1 ou 2, dans laquelle, dans la deuxièmeplaque
d’électrode, la deuxième couche de mélange d’électrode est formée sur les deux côtés du deuxième collecteur de
courant d’électrode dans une région correspondant aux aumoins deux couches disposées sur le côté intérieur de la
portion incurvée de la première plaque d’électrode se trouvant au niveau de la circonférence la plus intérieure.

4. Batterie rechargeable à électrolyte non aqueux selon l’une quelconque des revendications 1 à 3, dans laquelle, au
niveau du côté de la circonférence la plus intérieure de l’assemblage d’électrodes (14), une extrémité de début
d’enroulement de la deuxième plaque d’électrode est située dans les 10mm d’une extrémité de la portion plate (21).

5. Batterie rechargeable à électrolyte non aqueux selon l’une quelconque des revendications 1 à 4, dans laquelle, au
niveau du côté de la circonférence la plus intérieure de l’assemblage d’électrodes (14), une extrémité de début
d’enroulement de la première plaque d’électrode est située dans les 10 mm d’une extrémité de la portion plate (21).

6. Batterie rechargeable à électrolyte non aqueux selon l’une quelconque des revendications 1 à 5, dans laquelle
l’épaisseur du séparateur (13) est inférieure ou égale à 15 µm.
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